examination, that is, the great majority were found to have, normal vision and refraction, or very slight and negligible errors, but all exhibited more or less muscular imbalance, or weak binocular vision, or both. The most striking feature of these cases, however, was that their previous occupations in civilian life were almost invariably of the same or similar groups as those to which I have referred.
I obtained permission to investigate the matter, as at that time I had no knowledge of flying or the manipulations necessary for the art of flying. These investigations revealed that between 75 per cent. and 80 per cent. of the flying accidents admitted to hospital from neighbouring training schools were the result of unsuccessful attempts at landing. Further, of all the manipulations necessary in the preliminary training of the pilots the most difficult to acquire was the art of landing satisfactorily.
To follow up this investigation, it became necessary to employ a series of routine tests in order to bring out the various factors which appeared to be present and which required elucidation. Owing to the pressure of routine work it was essential that the apparatus for the tests should be portable, the tests simple, easily carried out, and capable of standardization. The tests selected have since been maintained, and are at the present day those employed in the examination of cadets and candidates for admission to the Royal Air Force.
The assessment of ability to succeed as a result of the response to such tests is based on the review of large groups of known good, bad, and indifferent pilots as judged by the executive officers.
I now propose to give you the tests employed, the reasons for their employment, and the significance attached to responses received; I will show statistics of good and bad landers assessed in accordance with the results of tests, and will also give the results of an investigation in an industry assessed on similar lines, with a comparison of the liability to accidents of each group.
REMARKS ON TESTS EMPLOYED.
In considering the question as to whether a candidate is likely to attain success in flying, especially in landing, our attitude is that, as far as possible, we should attempt to find out whether the whole visual apparatus is working at its optimum efficiency. To ensure this it is necessary that there should be:-
(1) Good co-ordination of extrinsic liluseles, allowing both eyes to fix exactly the object looked at.
(2) Efficient focusing power of intrinsic muscles.
(3) Efficient reception on corresponding areas of both retinae.
(4) Efficient transmission, central reception and judgment.
(5) Efficient effector muscular response (hand, foot, or both).
Lack of above requirements has been found to account for:-
(1) Inability to land aeroplanes.
(2) Lack of manual dexterity or clumsiness at certain trade occupations.
(3) Lack of skill at games requiring " eye " for truly efficient performance.
(4) Loss of efficiency of performance in acts such as above, due to the effects of fatigue, illness and various other causes.
Convergence power gives an estimate of the co-ordinative control and capacity to resist fatigue. It will be noted that distinction is made between responses (2) and (3).' Cover test gives an estimate of the prevailing condition of binocular fixation; the RAPIDITY of any re-adjustment necessary is a fair estimate of the mental DESIRE" for binocular single vision (i.e., effectiveness of reflex arc).
Red-green Test.-This test gives (i) an estimate of the basic error liable to be present in any judgment of depth dependent on the axial ocular movements made in fixing first one object and then another situaited in different planes; (ii) and (iii) an indication of uniform delivery of centrifugal impulses received or a break in the chain (i.e., liability to become monocular).
Bishop Harman Test.-This is a direct standardizable measure of the power to maintain binocular vision under an increasing disability, and being a test at average working distance allows bad habits acquired from occupational pursuits to influence the test.
TESTS.
Test for Convergence Power. Hold a pencil in front of the patient at about 1 foot from his eyes, with the point on a level with the root of his nose. Tell him to fix the point, then steadily move it forward, watching what happens to his eyes as they converge. The following results may occur: (1) Both eyes may converge, fixing the pencil until it gets within an inch or two from the root of the nose-that is, no want of convergence.
(2) One eye may continue to fix up to an inch or two from the root of the nose, but the other will cease to follow, and may turn outwards at any distance from the nose-the patient sometimes stating that he sees double, sometimes not remarking on this point.
(3) On convergence breaking down, neither eye may fix, and he may look into the distance, stating he sees double anywhere inside ten inches; further, he may resist by throwing back his head and complaining that it hurts him.
Convergence power is estimated by giving the following values; 2 in. or under, very good, possibly excessive; 2 to 3 in., good; 3 to 4 in., fair; 4 in. and over, poor.
Cover Test for Muscular Defect. Again ask the patient to fix a pencil, held in a similar manner at about 1 ft. from the nose, and with the other hand to cover one eye with a card, move the pencil from side to side, bring it finally to the centre and then uncover, watching whether the eye moves on uncovering. Repeat the test for the other eye in a similar manner. A perfectly balanced pair of eyes will remain fixed on the pencil whether one is uncovered or not, whereas movement inwards or outwards on uncovering (" latency") shows some lack of balance.
If there is a convergent or divergent latency, it is described as slight, medium, or marked, and the response to the uncovering may be rapid, medium, slow, or with no recovery. There may also be a pause before recovery commences ; this is charted as "Lag," e.g., latent divergence-lag-slow.
Red-green Test at 20 Feet. The essential feature is that a suitable tint of red glass in one eye will cut out any rays of light from a green glass, and, vice versa, green glass in the other eye will cut out red rays. A slot i in. wide by 5 in. long is glazed in the upper 21 in. with red glass and the lower 2i in. with green. The person under examination-wearing a pair of reversible frames, glazed red in one eyepiece and green in the other-is told to look at the slot illuminated from behind and asked to state what he sees.
(W) Two lights :-(a) In their proper position, i.e., perfect alignment of visual axes and correct ocular muscle balance; (b) with definite displacement up or down and/or right or left, i.e., hyperor hypo-and/or eso-or exo-phoria; (c) one or both of which wanders from its original position and back again, i.e., a tendency to aphoria, but with some or full power of correction.
(ii) At first two ltghts; then an occasional disappearance of one of them, either the same one all the time, or the two alternately, i.e., mastery of one eye, either continuous or alternating, with neglect of the other.
(iii) Either colour singly, but never the two together:-(a) Red and green alternately, i.e., alternate fixation with suppression of the other image.
It may happen that the two colours may be superimposed and fused into one image. Reversal of the frame obviates this difficulty, as the colours are then widely separated. The nature and amount of displacement indicate the quality and quantity of the heterophoria thus revealed.
A true exophoric case may give a temporary esophoric displacement owing to over-compensation, but, as fatigue sets in, the image appears to swing through orthophoria to the exophoric position.
Stress will be laid on the significance of (ii) and (iii). Bishop Harmani Diaphragm Test.
The essential principle of the test is the estimation of the relative capacity of individual subjects to maintain an even ocular muscle balance (and therefore, binocular sinYle VisioD) under increasing disability by progressively diminishing the overlap of the binocular fields of view; further, the test aims at so standardizing the conditions as to produce an absolute estimate of this capacity.
The instrument consists of a rod, one end of which is free and bears a T-piece, shaped to fit the upper lip, to which it may be pressed by means of a handle fixed below the rod. At the other end, 44 cm. away, is a vertical card-holder in the plane at right angles to the rod. Between these, 11 cm. from, and parallel to, the cardholder, is a diaphragm in which a rectangular aperture is cut, through which the subject views the test-card. The aperture is capable of being widened or narrowed at will by means of two shutters, one on either side of the opening, worked by a right-and-left-handed screw, which is rotated by means of a milled head. Movement of the shutters operates a pointer, registering on a quadrant scale, which can itself be adjusted to the widely varying pupillary distances of individual subjects.
With wide-open diaphragm, all the figures on the test-card-say 1, 2, 3, 4, 5, 6, 7can be seen by both eyes together, but as the edges of the diaphragm move towards each other, this binocular overlap becomes more and more reduced until finally there remains nothing in sight which is common to the two eyes.
It will be realized that this instrument is of great value, for not only can it be readily standardized for all variation in pupil distance but also it can demonstrate the variation in the " desire for binocular view " in one particular case from time to time.
A considerable amount of valuable information can be obtained by asking the subject to say precisely what happens to the figures when the shutters of the diaphragm move nearer and nearer together. For instance, he may state that:
(1) The test-card is being " cropped " from one or other side, i.e., the figures at either end begin to disappear, indicating sqtppression of one or other inmage.
(2) The middle figures tend to crowd together and mix up, indicating esophoria.
(3) The figures divide and the centre figure is duplicated, and even a black bar appears between them, indicating exophoria.
(4) Some of the figures take a higher or lower level, indicating hypophoria or hyperphoria. Or finally:
(5) A black bar appears, obliterating the luiddle figure, but the rest remain in the proper relative positions, indicating that the overlap has been entirely cut down, and that there is a negative gap which is represented by blackness ; in such a case the reading will be below zero, and indicate aperfect control of balance.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from I repeat that the Bishop Harman test has proved invaluable as a check on th-e others above mentioned. It has been found that a reading of " 3 " on the arbitrary scale is a "border-line " one, and that 5 is bad. First-class landers usually give a reading of zero or below; average landers, zero to 2; doubtful landers, 2 to 3; whilst those giving readings of 3 to 5 or more, fall into the category of " bad landers."
In learning the art of flying it must not be assumed that there is anything in the manipulation necessary to attain perfection that is beyond the skill of the average.
individual met with in ordinary life. It is only in forming the necessary judgments for such manipulations that he comes across difficulties, and these difficulties are due to the fact that he has stepped into a world of altered conditions. These conditions are primarily visual in character.
(1) Immiiediately the aeroplane loses touch with the ground, the pilot loses the one known definite quantity necessary in the judgment of distance to which he has always been accustomed, nainely, contact with the ground.
(2) All verticals are more or less foreshortened; thlerefore, the size of knowl-n objects will be varied fromi those of previous experience.
(3) Shadows of objects w-ill be viewed from a totally different aspect.
(4) The speed at which the pilot is travelling is greater than any he lhas ever experienced. It lmlay be taken as generally true that, the faster a mnachine flies in the air, the faster is its landing speed. Speed is often the last straw in a border-line case.
(5) The airmen's eyes are liable to stress and strain due to centrifugal force which, if continued ulnder certain conditions, mnay ren-der hilml incapable of correct judgmi-ent, and even mentally irresponsible. Further, there is the fact that the blood-supply to the third nucleus is one of the most inefficient of the whole brain and is especially liable to be affected by effects of " G" an-d splanchlic-pooling as a result of "G."
Loss of convergence power and lack of muscular balance may be associated with (1) R.ecent influenza and debilitating diseases.
(2) Recent accident involving concussion.
(3) Neurasthenia.
(4) Stress of service-fatigue of lolng lhours at higlh altitudes (i.e., oxygen want). (5) Climiatic conditions (i.e., wvhere glare is prevalent).
(6) Ground duties involving return to occupational pursuits, suclh as technlical, i.e. -engineering drawing and design.
These cases may be temporary, but I slhould like to point out that the longer the time taken to recover the more likelihood is there of bad habits being acquired, and the possibility of their passing into permanent disabilities, unless steps are taken to re-educate the various centres involved to a proper functioning.
[Slides were shown giving statistics of: (a) Good and bad landers, with regard to their responses to the tests. (b) Groups of cases in departments of various industries where the accident liability is known, and responses to tests contrasted with number of accidents in subgroup.] I am indebted to Mr. Eric Farmer, of the Industrial Research Board, for the statistics given in Departments A and B. The results of the tests were sent to me for assessment and then grouped according to accident liabilities. THE RELATION OF HETEROPHORIA TO BAD LANDINGS. Series L. Seventy-two pupil pilots turned down for bad landings by the special officers (wing-examining officers) appointed by the executive authorities for testing the flying capabilities of doubtful pupils. AP-W 2 * Everyone in this series was examined by Wing-Commander Flack, or his representative, and passed as physically fit (i.e., no unfits are included in the table). (c) Average hours solo = 321-. Forty-two of these were not allowed to go solo. (It may be accepted that in war time the duration of dual instruction did not as a rule exceed five to seven hours without the pupil being referred to the special officers mentioned above.)
Of these 72, 40 definitely stated to be " good in the air but unable to land." 22 were stated to " fly badly as well as being unable to land." 6 were stated to be "unfit for flying and unable to land." 2 were stated to be "suffering from nerves as well as being vunable to land." 2 simply noted for " bad flying."
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In twelve cases the " bad landing " was confirmed by further flying tests at the Hendon medical flight.
Assessment vith Regard to Heterophoria. Series IIa. 397 civilian pilots exalmined at the Aviation Candidates Medical Board. These are consecutive, only " unfits " and incomplete examinations being omnitted. They were examined under the same physical standards as regards fitness as Series 1, and are therefore physically comparable.
Average age = 24.
Average hours flown per pilot = 923.
Assessment with Regard to Heterophoria. Series IIb. 124 "good landers " (civilian), survival of the fittest. This group was selected as the best possible example of "good landers," and is made lip from amongst those civilian pilots of Series IIa who renewed their certificates and flew in between, and therefore by the commercial test must have landed their machines and passengers satisfactorily. Though the machines were mostly of a slow type they were flown in all weathers and for long hours. Average flying hours per pilot = 1,223. All the nmlembers of this group are included in Series lIa. Group of 17 cases; some of the subjects had sustained no accidents, and others a varying number of accidents. These were examiined by means of the red-green test, the results of tests being charted as follows:-(1) Hyperor hypophoria.
(2) Eso-or exophoria.
(3) Neglect of one or other image or alternating neglect. Group of 23 cases, in some of which the subjects had no accidents, and in others there was a varying number of accidents. These were examined by means of the red-green testthe results of tests being charted as follows:
(1) Hyperor hypophoria. (2) Esoor exophoria. (3) Neglect of one or other image or alternating neglect. 
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Turning now to the subject of visual judgment influencing the capacity for playing games, I will quote cases in which, after loss of the ability to land aeroplanes, the ability to play fast ball games was also lost, and both regained after a course of eye training.
It is suggested that the other Services may be interested in the subject of the relationship between industrial fatigue and defective oculo-muscle balance. SPACE PERCEPTION. I believe that a " space perception" is built up " after birth " from trial and error of those extrinsic muscular movements necessary for fixation. This process is in the first instance monocular, while at a later date binocular single vision develops in order to eliminate double images. Thus the infant subconsciously acquires coordination in ocular movements, and association tracts are formed to enable these movements to be carried out. This process is on a par with Sherrington's postural reflexes, and although in later life the primary ocular muscular elements are unconsciously controlled, yet any interference with their normal harmony will show itself by errors of judgment in regard to spatial relationships (a case of sixthnerve paresis was quoted which illustrates this point). This, to my mind, may be regarded as an example of higher psychical activity initiated by stimuli arising from change of tone in the muscular system. This question I wish to put to you is the following Does the condition of heterophoria (1) serve to induce the symptoms of nervous instability through the unconscious nervous strain and fatigue brought about by the visual condition in the endeavour to maintain correct cerebral appreciation (keeping thus in line with the trend of modern opinion-namely, that the proper functioning of the higher centres is dependent on the integrity of the lower centres) ? or (2) is the condition of ocular muscle imbalance additional and early evidence of a general condition of nervous instability on the part of the subject, following the law that in cases of retrogression, the most recently acquired and highlyorganized co-ordinations are among the first to be deranged? Such evidence as I can offer, had I the time at my disposal, would indicate that apparently there are cases belonging to each class. Discuss,ion.-Mr. A. HUGH THOMPSON said that it struck himii as stranige that in Coi1mander Clements' tables the lateral errors of m-luscle balance appeared to be alimost equal in importance to the vertical errors. In his experience, in civil practice, hypophoria was the only condition of this sort which comlmiionly caused symptoms, and this was what was to be expected when we remembered that the reserve power of the lateral muscles and especially of the internal recti was many times more than that of the vertical muscles. The latter could only overecine a prisin of two or three degrees, whereas the fornier could overcome quite high prisins placed base in and especially base ouit.
Wing-CommInander CLEMENTS (in reply to Mr. Hugh Thompson's remarks) agreed that, except for the Bishop Harman test, the tests described were not in themselves actual tests of binocular vision, but that they were tests of a person's capacity to perforum certain ocular movements on which he depended for the informriationnecessary to formi his judgmlient of distance. He (the speaker) further contended that he was justified in this assuniption fromll the resultant imnprovemiient in judgment of distance shown by improved ability to land an aeroplane after eye training. He further agreed with Mr. Hugh Thompson that hyperphoria was more likely to interfere with the maintenance of binocular vision, although at first glance this was not so on examination of the tables quoted.
The following were possible explanations: (1) The smallness of the number of cases; (2) that, in the assessment of these cases, a lesser amount of hyperphoria was takenl as a disability than in the case of esoor exophoria.
In reply to the question put by another speaker, he stated that he was of the opinion that there were cases of both kinds caused by fatigue, illness or after-concussioll:
(1) Where aggravationof a pre-existing miiinor error of rnuscle balance occurred;
(2) where there was a definite production of a defect in previously normal individuals, possibly at first only temporary but liable to become permanent if time were long enough to allow of a bad-habit forinationi in order to get rid of a temnporary difficulty.
With regard to the question as to whether the neglect described could be explained by the selective power of the retina or colour rivalry, he (Wing-Commander Clements) explained that in all such cases, if carefully liested, evidence would be found of some other defect to account for this.
